The paper looks into the analysis of water spatial accessibility by pastoralists in Kajiado County. Since it's a pastoralist area, the demand for water is essential, but due to climate change, the area experiences erratic rains, extreme temperatures and cyclic and prolonged droughts. The need to access improved water supply is considered to boost economic development poverty alleviation. With inadequate water harvesting structures, integrated journal positions the need to excavate more water pans which require a systematic study to come up with the suitable positions where excavation will occur. To come up with a commendable finding and analysis, the paper gives a methodology for data collection identifying relevant factors affecting citing of water. The factors incorporated in questionnaires were slope, soils, location of pastures, villages, existing water points and grazing routes. Therefore, both critical and descriptive discussion of the field's issues is warranted. From the suitability analysis, of the county's land mass 3.06% is in very highly suitable, 28.67% is highly suitable, 67.98% is moderately suitable and 0.29% is not suitable. The comparative analysis shows that the new water pans are established in moderately suitable area. The study concludes by crediting the need to attributed GIS analysis and spatial modeling for the purpose of helping the County Government effort to provide sustainable water pans to its people.
Introduction
Water is a precious natural resource important for life, development and the general environment [1] , [2] . While access to safe water is a human right, globally, 768 million people remain without access to an improved source of water. It is estimated by 2050, the global demand for water will increase by 50% with the highest demand in developing economies countries [3] . Approximately 80% of Kenya's land area is arid or semi-arid (ASAL), and only 20% is arable. These ASAL areas host about 35% of Kenya's population [4] . Due to this, Kenya is classified as a chronically water-scarce country and is vulnerable due to water insecurity caused by erratic rainfall patterns and the influence of climate change [5] . Kajiado, a county in Kenya, relies on pastoralism as the main source of livelihood to majority of rural households. The County is categorized as a water scarce county [6] . Most of the sources of water are seasonal hence not reliable and the available ground water contains high salt levels in some parts. The demand for fresh water is high with people traveling an average distance 10 Km from the homesteads to access the water [7] . Access to natural resources such as water and pastures is essential for sustainable poverty reduction. The livelihoods of rural people without access, or with very limited access to such resources are vulnerable [8] . Access to the improved water supply is considered to boost economic development poverty alleviation [9] . Due to climate change, erratic rains, extreme temperatures and cyclic and prolonged droughts are experienced in Kajiado County. This has resulted in a decrease in the pasture for livestock, wildlife and domestic use thus leading to serious resource conflict. The local pastoral communities are forced to adjust to climate variability by maintaining mobility and walking for long distances as they respond to spatial and time-related weather changes [7] . In this case, the county has integrated plan sites which include the sinking of more boreholes and excavation of more water pans. Being a semi-arid county, there is an uneven distribution of the water points, unreliable rainfall, and inadequate water sources. This requires a systematic study to come up with the suitable locations where sinking and excavation will occur by determining the current situation regarding accessibility.
The main objective of this research is to carry out a suitability analysis using multi-criteria method to determine the suitable areas to locate water pans within Kajiado County
The specific objectives include: a) Assess and develop set of criteria and factors to locate suitable water pans, b)
Weighing the variables taking an importance to placing suitableness water pans, c) Assessing the suitability of the new water pans within the county dug in the year 2015.
Study Area
The study area is Kajiado County located in the southern part of Kenya with area coverage of 21,900.9 square kilometres. Administratively, it is divided into 5 sub-counties, 17 divisions, and 105 locations. In 2009 the county had a population of 687,312, with an annual growth rate of 5.5% with a population in 2015 estimated to be 898,289 with most people living in rural areas. In 2012 it was projected that 23.8 percent of the total population were in urban areas [7] . Fig. 1 below is a map showing Kajiado County.
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Water and Pastoralism in Kajiado County
Pastoralists are people whose lively-hood depends mainly on the raising of domestic animals including cattle, camels, goats, sheep and donkeys, which are used for milk, meat, transport, and trade and mainly occupy savannah, semi-arid, or arid deserts where rain-fed agriculture is precarious [10] . Pastoralism is a mode of livelihood in which 50% or more of household gross revenue comes from livestock or livestock related activities [11] . To be practiced effectively, pastoralism depends on freedom of movement for all herds between pastures and water sources. Pastoralism is well adapted to coping with a single rain failure in a particular area, but when successive rainy seasons fail there is simply insufficient regeneration of grazing land and pasture shrinks [12] In Kajiado County, local pastoral communities are forced to adjust to climate variability by maintaining mobility and walking for long distances in search of water and pasture. The average distance covered by livestock has been increasing as a result of drying up of temporary water sources during dry spells [6] . The county's uneven distribution of water points, unreliable rainfall, and inadequate water sources are the major contributing factors [7] . The effect of this is livestock emaciation resulting in reduced household food security [13] . Between December 2014 and January 2014 the average milk production decreased from 2.37 litres to 1.88 litres per household per day from livestock emaciation [14] . 
Selection of Water Pan Site
Site selection has traditionally been based on economic and technical criteria. In such analysis, selection criteria have to satisfy some social and environmental requirements, which are enforced by legislations [15] . Where there is a lack of planning in water point's selection, the water points have been unsuccessful.
Site selection involves finding locations that satisfy a set of criteria [16] , [17] . It is done by evaluating each location's suitability using weights. The assignment of the weights can be estimated by expert opinion. GIS capabilities such as data storage and organization, spatial analysis, visualization and query which make it suited for this analysis [16] , [18] . For early planning phases, the spatial multi-criteria analysis provides procedures to structure decision problems while GIS plays a role in analyzing spatial data [9] .
Criteria for Selecting a Water Point
Informed siting of a water source is the basis of its success and long-term sustainability. This task of siting requires consideration of several interrelated factors [19] . The following factors majorly affect rainwater harvesting using water pans:
Soil; places with deep clay/silt soils (fine textured soils) are the best sites for excavating water pans. Coarse textured sandy soils are highly permeable, and water will drain through them easily thus should be avoided [20] . Proximity to the point of use from villages and grazing; within the constraints of geology, water resources should ideally be sited as close as possible to the point of use [19] . Proximity to existing water pans; in areas where some water point exist, new water pans should be sited further away [21] . Slope; General topography of the area should be slanting gently to allow the flow of water into the pan. The land surface should be fairly flat. Ideally, areas with steep slopes are considered unsuitable.
Urban areas; water access in urban centers is better than in rural areas because of high water connectivity by the service provider. However, pastoralism does not occur in urban areas. Therefore urban areas are excluded in the study [7] .
Weighting
Multi-Criteria Analysis problems often involve criteria of varying importance; therefore, information about the relative importance of the criteria is needed. This is achieved by assigning a weight to each criterion [9] . The AHP generates a weight for each evaluation criterion according to the decision maker's pairwise comparisons of the criteria. AHP combines the criteria weights and the options scores, thus determining a global score for each option, and a consequent ranking. The global score for a given option is a weighted sum of the scores it obtained on all the criteria [22] . Saaty et al., [22] observes that engaging experts in decision making should not be random. The investigator needs to know and the judge selected should have both knowledge and practical experience with the matter being investigated. Therefore one expert judge may suffice unless political expediency requires that several judges from different constituencies are necessary [23] . In the research, responses should be sought from diverse groups of experts, having the expertise required in the application domain, with each group having several respondents [23] .
Normalized Difference Vegetation Index (NDVI)
Pastures being an essential element in this study, determining the condition of pastures can be done using the Normalized Difference Vegetative Index (NDVI) ratio. NDVI has been related to nitrogen status, chlorophyll content, green leaf biomass, and grain yield [24] NDVI is calculated from these individual measurements as follows:
Equation 1
Where Red and NIR in equation (1), stand for the spectral reflectance measurements acquired in the red and near-infrared regions, respectively. NDVI itself thus varies between -1.0 and +1.0.
NDVI of vegetation canopy will lead to positive values. Clouds and snow fields will be characterized by negative values of this index. Free standing water (e.g., oceans, seas, lakes, and rivers) which have a rather low reflectance in both spectral bands and thus result in very low positive or even slightly negative NDVI values. Soils exhibit a near-infrared spectral reflectance somewhat larger than the red and thus tend to also generate rather small positive NDVI values (0.1 to 0.2). Very low values of NDVI (0.1 and below) correspond to barren areas of rock, sand, or snow. Moderate values represent shrub and grassland (0.2 to 0.3). High values indicate temperate and tropical rainforests (0.6 to 0.8) [25] .
Methodology
The methodology followed in the study has been summarized as in 
AHP Weighting
The identified relevant factors affecting siting of water were; slope, soils and location of pastures, villages, existing water points and grazing routes and these were incorporated in questionnaires. Experts who formed part of the respondents were surveyors, Land use planners, county administrators, pastoralist, environmentalists and water officers from Kajiado County.
Experts were approached at workplaces to avoid inconvenience, encourage participation and with no compensation [23] , [26] . Participation was voluntary and took place from July 2015 to March 2016. The experts compared two factors at a time and indicated which had more influence on a scale of 1-9.
Selection of the Best Sites
The variables involved were classified into four categories: very highly suitable (H1), highly suitable (H2), moderately suitable (H3) and not suitable (H4). 
Weighting
A matrix for each respondent was formed to calculate the weights and the consistency ratio.
Comparison of the variables by the different group of residents was carried out. Fig.3 is a graph showing comparisons for the different element as rated by the selected experts. Through AHP, criteria weights were combined to get the options scores, thus determining a global score for each option and a consequent ranking. The global score for a given option was a weighted sum of the scores it obtained on all the criteria. Fig.4 below shows the weighted sum of the selected variables for this study. Data for the variables to be used in generating the suitability map was processed. This included generating maps showing; grazing pastures, soils, distance to grazing routes, distance to existing water points, slope, and villages of Kajiado County.
The multi-criteria analysis was done allowing the alternative elements to be ranked in order of suitability. With common scale and coordinate, the maps for the different elements were combined, and analysis was done. The resulting map was a suitability map. Fig. 6 below shows areas that are very highly suitable, highly suitable, moderately suitable and that are not suitable. 
Discussion
The results from averaging the weighting variables as shown in Fig. 4 shows that distance to grazing routes and location of pastures was given the most importance. Distance to existing water points and slope suitability was given the least importance
The averaged NDVI map shown in Fig. 5 shows that vegetation cover is very scarce. As per the map, the NDVI for the most part of the county's land mass is approximately 0.5. This can be concluded to mean that grazing pastures for the livestock during the dry spell is very scarce. As a result, the pastoralists have to walk for longer distance in search of food for the livestock. With most of the time spent in search of pastures, they have little or no time in satisfying other basic need and the outcome is a growth in poverty and as a result become poor.
From the map in Fig. 6 , it shows that the very high suitable area is very small in the county and is near Namanga, Loitokitok and Kipeto. The majority of the area is moderately suitable with the lesser percentage being highly suitable. The area that is not suitable is very little which means water pans can be built for the most of the county. The suitability map also indicates that most of the new water pans excavated in 2015 lie on the moderately suitable areas. In summary, with areas that are very highly suitable and highly suitable the county government can use water pans to supply water to the most part the county.
Conclusions
The paper concludes that most of the new water pans that were established in 2015 lie on the moderately suitable areas.
The decision to build the water pans can be attributed to lack of GIS analysis and spatial modeling of data which resulted in uninformed decision making. Such a study can be concluded to be very necessary while determining the suitable location for building water pans. It should therefore, be used a guide by the County Government in its efforts to provide sustainable water pans to its people.
Without its limitation, it is observed that the results of this study can be improved. It can be improved by the use of updated and recent dataset to ensure that there are no conflicting interests in the study that are not shown by the available GIS research data. By carrying out the ground survey, smaller details that were not discernable within the data resolution can be taken into account. Also, wide research can be done by involving more parties in filling out the questionnaires.
